I n an effort to reduce costs incurred by the State of Arizona for workers' compensation claims, disability claims, and lost work time, the Department of Administration began a 2 year pilot program of preemployment physical examinations on candidates for state service positions. Nationally, few states do preemployment examinations (Bratcher, 1989) , although they are quite common in the private sector and in smaller governmental bodies.
An audit .of back injury claims by the Risk Management Division showed that 19 back inj ury claims, totaling more than $615,000, were for employees with preexisting conditions. The program planners made the assumption that, if preemployment physicals had been done on just these employees, they would not have been hired, and the state would have saved that expense. Furthermore, if other claims categories had been evaluated, additional savings from preemployment examinations may have been demonstrated.
In 1986 plans were begun to establish the Preemployment Physical Exam Program for state employees. In 1988, the Department of Administration's Risk Management and Personnel Divisions signed an interagency agreement to proceed with the program, funded by the Workers' Compensation Revolving Fund and administered by personnel as part of the employee selection process.
The program manager, an occu-pational health nurse specialist, was hired in August 1988. The assistant program manager, with an MBA and experience in health care, was hired in September 1988. The first months were spent in research and in developing and refining analysis tools, forms, policies, and procedures.
REVIEW OF THE LITERATURE
During the early months of the program, the Program staff visited several large private sector and local government employers to assess what preemployment examinations they were doing; how and if they were performing job analyses for medical and physical job requirements; and which community clinics they used for contracted preemployment or preplacement examinations. They found that generally, job analyses were not done, everyone applying for a job with a given employer received the same physical examination, and supervisors made the final hire/no hire decision based on the restrictions of the candidate.
Most of the other employers also did preplacement as opposed to preemployment examinations on their candidates. Whereas preplacemerit requires a physical examination to determine proper job placement for a candidate with given physical restrictions, a preemployment examination would be necessary for state service jobs since candidates must apply separately for each job of interest. With no "pool" of previously examined workers from which a supervisor may choose, the examinations that candidates for state service positions receive truly are "preemployment."
A review of the literature was done to support actions taken by the Program staff, to see what others were doing in the way of job analyses, and to familiarize the staff with the handicap discrimination laws and regulations. Only one reference did not support the use of preplacement/ preemployment medical examinations, calling them "obsolete" (Wright, 1984) .
A review of the literature on back and musculoskeletal examinations and assessments of lifting abilities reinforced the belief of the Program staff that a general history and physical are insufficient to affect the kinds of injuries that state employees experience. Preemployment strength testing is advocated as the method of choice for predicting a person's ability to do heavy lifting (Chaffin, 1978; Keyserling, 1980; Ayoub, 1982; Cady, 1979; Pedersen, 1988 ).
An actual demonstration of lifting capability was indicated in the literature as the best method to predict ability to lift heavy loads (Chaffin, 1978; Keyserling, 1980; Ayoub, 1982; Cady, 1979; Pedersen, 1988) . Program staff decided, therefore, that both a general examination and an assessment of lifting capability would be required of all candidates for jobs that require heavy lifting. Several physical therapy clinics that specialize in preemployment lifting assessments and in rehabilitation of back-injured employees were consulted for additional information and direction, which were used for candidates' examinations.
The lifting evaluation by the physical therapists includes an assessment of a candidate's flexibility, particularly hip and back flexibility; evaluation of a candidate's ability to maintain proper body mechanics while lifting; and an evaluation of the candidate's ability to safely lift from various levels to various heights, as required in the job.
The evaluation may also include a test of cardiovascular endurance (e.g., step test), grip strength, and pushing, pulling, and carrying capabilities, if required by the job. Extrapolations using standardized charts are done when lifting, pushing, pulling, and carrying are required frequently or continuously in the job (NIOSH, 1981) . Prior to the lifting evaluation, the therapist takes a brief history and measures pulse and blood pressure to rule out contraindications to the strenuous tasks.
Since Arizona's Preemployment Physical Exam Program was set up as part of the personnel selection process, the Program must comply with the Uniform Guidelines for Employee Selection Procedures (Arvey, 1979) . Under the Guidelines, the employer must base selection procedures on the critical aspects of the job. Therefore, doing a job analysis of each job class was essential to determine the type of physical examination required, and what medicalor physical conditions would prevent a candidate from being allowed to work in a specific job.
Again, the literature was searched to assess job analysis techniques. The most helpful document regarding job analyses or medical and physical requirements was the Medical Standards Project (Nylander, 1984) , which included opinions from experts in the fields of personnel, law, and occupational medicine, and an extensive job analysis instrument with accompanying medical standards. Lytel (1981) described job analyses for the purpose of hiring handicapped workers. Both resources were used to develop the job analysis instrument for the Program.
MEDICAL/PHYSICAL
GUIDELINES The Preemployment Physical Exam Program established medical/ physical guidelines that the examiner uses to make recommendations on whether or not the candidate is able to perform critical aspects of the job (Figure 1 ). Explicit in the guidelines is a statement that reasonable accommodation will be considered when applicable. In addition, a policy was written to allow for appeals by candidates who fail the medical/ physical examinations.
To assist with validation of the guidelines, a Board certified occupational medicine physician reviews the document that describes the working conditions of the job, the physical abilities required, and the medical/physical guidelines for the job. The physician signs a form certifying that the guidelines are appropriate for the job described.
PILOT STUDY
While policies and procedures were being developed, and bids for clinic services were being requested, the Program staff developed a pilot study to help demonstrate early benefits of the Program. The purpose of the Preemployment Physical Exam Pilot Program was to determine the feasibility of implementing a statewide preemployment physical examination program for applicants, and to project potential cost savings for such a program.
It was agreed that the first class chosen as the test class or pilot class would be relatively high risk. That is, the class would be one identified by Risk Management as having many costly workers' compensation claims. For convenience, the pilot group was limited to large metropolitan areas, since it would be difficult to arrange for physical examinations across the state.
Highway maintenance workers in the Arizona Department of Transportation (ADOT) were chosen as the pilot class. ADOT had expressed high interest in participating in a preemployment examination program, and enthusiastically agreed to be a part of the pilot program. Highway maintenance workers are located throughout the state, but for the purposes of the pilot study, the program was limited to workers hired in the Phoenix and Tucson metropolitan areas.
JOB ANALYSIS
A job analysis was conducted in Flagstaff and Phoenix. Phoenix is representative of the hot desert environment, whereas Flagstaff is mountainous and has cold winters with snow. Highway maintenance workers are expected to be able to do all aspects of the job in any location; if a need arises, Phoenix employees may be transferred north temporarily to do snow removal in the winter.
A job analysis tool, developed and refined by the Preemployment Physical Exam Program staff, was based on other job analysis tools. Thirtytwo questions assessed working conditions (e.g., indoors, outdoors, dust, noise, irregular working hours, etc.) using a scale of 0 to 3 (0 = not at all; 1 = <33% of workday; 2 = 33% to 66% of workday; 3 = >67% of workday).
Physical abilities/activities required on the job were also assessed. Hearing, speech, vision, and finger! hand dexterity questions (11 questions) were answered "yes" or "no." Questions about reaching, lifting, pushing, pulling, carrying, stamina, and flexibility (36 questions) were answered on a 5-point scale: NA (not a part of this job); 0 (occasionally, <33% of the workday); OE (occasionally, but essential to the job); F (frequently, 33% to 66% of the work day); and C (continuously, >66% of the workday). A question about use of protective equipment addressed 14 different types of protective The working conditions of this job involve a great deal of:
-working inside -possibility of minor injuries (cuts, scrapes, burns, bruises) -exposure to loud noise -exposure to solvents, degreasers, and unpleasant odors -contact with oils/petroleum products.
The working conditions of this job involve a moderate amount of: -working in temperatures above 100 degrees Farenheit.
-working in confined spaces/cramped body positions -exposure to moving objects/equipment -working around gases, fumes, sprays.
Physical Abilities Requirements:
The following physical abilities may be required for this job at any given time: -seeing close work -manual and finger dexterity -pullingl"torquing" with one arm (e.g. removing bolt with wrench) -reaching above the head and reaching forward over 67% of the time -walking 34%-66% and standing 67% or more of time -bending/twisting the neck and trunk over 67% of time -hand/grip strength 34%-66% of time. Although required only occasionally (l.e., less than 33% of work time). the following physical abilities are very important to be able to perform the essential functions of this job:
-sound location and sound discrimination in a loud environment -seeing objects/persons at a distance -depth perception -lifting 25-90 lb. from a variety of levels, up to 4 feet vertically -pushing/pulling up to 90+ lb. items on wheels of various sizes, on cement an blacktop/paved road -carrying 25-50 lb. less than 50 feet.
Safety Equipment:
The following safety equipment is worn on the job: -goggles or safety glasses -ear plugs/muffs -steel toe shoes Guidelines: A person may not qualify to be an Equipment Mechanic if he or she:
-has current or chronic back pain -has had major surgery within the past 6 weeks -has an inability to demonstrate proper body mechanics for lifting -has distant visual acuity less than 20/40 (Snellen) in each eye (with corrective lenses), and; field of vision less than 70 degrees in the horizontal meridian in each eye, plus 35 degrees in the opposite side of the nose, in at least one eye -has an inability to see close work -has condition(s) which would interfere with ability to walk or stand frequently or continuously -has an unrepaired hernia or other similar pending/recommended surgery -has an inability to lift up to 90 lb. occasionally -has any other physical or medical condition which would jeopardize the safety and health of him/herself, the public, or other employees. Specialized Tests Needed -Kraus-Weber -Tetanus-diphtheria immunization if not current -Back evaluation-specialized evaluation to be set up by the PEM/PEPoffice equipment used on the job (e.g., steel toe shoes, hearing protection, respirators, etc.).
To assist with equal opportunity employment, a question was asked about the possibility of the job being done by a person with a handicap. Twelve different handicap possibilities (plus "other") were listed (e.g., finger amputation, deaf, crutch dependent, etc.).
The Preemployment Physical Exam Program staff and highway maintenance worker incumbents and supervisors completed job analysis tools. Pictures were taken of workers working, and of equipment commonly used by highway workers in their jobs. A group of subject matter experts, highway maintenance workers, and their supervisors from around the state was gathered together one morning. They completed the job analysis instrument separately, and came to a consensus on the working conditions and physical abilities required in the job.
A correlation analysis was conducted to determine if the job analysis by the Preemployment Physical Exam Program staff was similar to the analyses by the incumbents and the subject matter experts. The Preemployment Physical Exam Program staff results showed statistically significant correlations (p<.OOl) when compared with each other's results, with the individual subject matter experts' results, and with the subject matter experts' consensus ( Figure 2 ).
RESULTS
Openings for the position of highway maintenance worker were announced for Phoenix and Tucson metropolitan areas on Decem ber 28, 1988 and remained open for 1 week (the usual practice). Two types of announcements were made: the first job announce-merit, distributed to job service offices and personnel offices throughout the state, included a complete description of the working conditions and the physical abilities requirements. It was clear that a physical examination and a back and musculoskeletal evaluation would be required. The second announcement, which appeared in one Sunday's edition of the Phoenix and Tucson news-papers, did not indicate that a physical would be required. Ordinarily, 1,000 applications are received for this position when it is opened up in the Phoenix and Tucson areas. However, only 500 applications were received. One could speculate that the new requirement of a preemployment examination caused half of the potential applicants to weed themselves out. Although the job announcement in the personnel office did describe the working conditions and physical abilities/requirements of the job, personnel division employees generally felt that not many applicants routinely read these job announcements. The job was announced during the week between Christmas and New Year's Eve, which may account for the limited number of applications.
The applications were scored, and the number of unacceptable applications numbered only 30 (6%), a significant drop from the usual rate of 50% unacceptable applications (an unacceptable rating means the applicants did not meet the minimal qualifications for the job, i.e., education, experience, etc.),
The hiring lists were available in February, and the first candidate was processed February 21, 1989. In total, 13 candidates were referred for evaluations in Phoenix and Tucson between February 21 and April 30. Of that number, 8 passed the examinations the first time through-that is, they met all the requirements set forth in the medical/physical guidelines, including a demonstration of the ability to safely lift the required weight; 5 failed the examinations; 2 appealed and won their appeal; and 2 appealed and lost their appeal.
One candidate who failed was notified at a later date that he had passed and was put back on the hiring list. This occurred when the lifting requirements were lowered by ADOT as a result of the Program staff pointing out to ADOT Administration how unsafe the lifting requirement was. Therefore, the pass rate was 84% (11 of 13 candidates).
All of the candidates who did not meet the medical/physical guidelines failed in the back evaluation. That is, they were unable to safely lift the weight required in this job class, or did not demonstrate the required flexibility. One candidate who failed the back evaluation also failed the general examination due to a medical condition that made it unsafe for him to do this job.
An average of 3.8 working days were required from the time the supervisor called the Program to set up the examination to the time the Program called the supervisor with the hiring recommendation. Each supervisor referred only one candidate at a time for an examination. If the first candidate failed, a second candidate was scheduled for an examination.
Eight candidates completed anonymous evaluations of the clinics where they were examined. Their evaluations were favorable: easy to find; seen within 10 minutes of appointment time; courteous staff; professional/courteous examiner; health teaching provided; thorough examination.
All employees who have gone through preemployment examinations are tracked by computer to determine future incidence of workers' compensation claims.
DISCUSSION
The pilot program made an impact in several areas. The gross financial savings to the state, based on this one job class, and based only on workers' compensation claims for back injuries, is projected to exceed $358,000 annually (Table) ; the net annual savings is projected to exceed $208,000, based on the pilot project. Dollar savings in other areas, such as hernias, knee injuries, etc., would be in addition to the $208,000 net annual savings. Back injuries account for about 25% of workers' compensation claims.
The results of the job analysis encouraged ADOT to make changes in the work methods of highway maintenance workers. Lifting in ex-cess of 50 pounds, which was routinely expected of these workers, is unsafe and leads to an increased number of costly back injuries ' (NIOSH, 1981; Chaffin, 1984) . ADOT has agreed to enforce a policy of requiring that more than one worker lift loads greater than 50 pounds. This action should lead to fewer injuries and an increase in the J number of women able to do this job.
Because of the improved quality of the applicants, it may be assumed that hiring supervisors are able to choose among better candidates, thus making their jobs easier.
Long-term data will show cost savings in reduced workers' compensation claims if, indeed, this is a benefit of the program. But if every class that requires a physical examination demonstrates a reduction in the number of applications, an increase in the quality of the applicants, and an improvement in safety practices, the Preemployment Physical Exam Program will be a cost-beneficial program.
To have additional impact on the cost of injuries that will not be eliminated by a preemployment physical exam, immediate follow up and monitoring of injuries in a state run occupational health clinic would be necessary. Prompt and appropriate follow up of injuries would facilitate determination of causes of injury (e. g., unsafe work practices/methods, lack of proper equipment, etc.) as well as methods of preventing similar injuries. Job safety audits to illuminate safety problems would greatly enhance the savings realized by the program. Continuing to monitor injured employees to ensure that they are receiving adequate and appropriate health care may get them back on the job sooner, again saving the state money.
3 The program is projecting a net annual savings of over • $208,000 for workers' compensation back injury claims. 1 Due to costly workers' compensation claims, the state of • Arizona instituted a preemployment physical exam program for state jobs.
2 Thorough job analyses are conducted for working con-• ditions and physical ability requirements on high risk jobs, and medical/physical guidelines are established for those jobs. Physical exams are specific for the job class. 
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